Introduction
Penetrating soft tissue injuries caused by missiles are treated differently during times of war and peace. Civilian gunshot wounds causing a low-energy injury to the skin, subcutaneous tissue, and/or muscle are treated with minimal or no surgical intervention, while high-energy injuries with significant tissue damage are treated operatively. [1] [2] [3] [4] [5] However, in times of war, it is advocated that both low-and high-energy missile injuries be treated with exploration, radical debridement, drainage, and delayed primary closure. [6] [7] [8] [9] During wartime, missile wounds can be heavily contaminated, the number of causalities can be large, the working conditions may be poor, and the staff may have limited experience. 7 It has been stated that the civilian approach to these injuries should not be transferred to the battlefield. In times of war, every part of the missile wound should be explored, debrided, and left open for delayed closure.
During the first years of the second Palestinian uprising (Intifada), which started in November 2000, thousands of people were injured by missiles. Several of these patients were treated in temporary hospitals under circumstances similar to those during wartime. However, several of the patients with extremity injuries were treated with a conservative approach, similar to what is common when treating civilian gunshot injuries. In a non-randomized, prospective study, the results of minimal surgical treatment of soft tissue missile injuries to the extremities on patients who were submitted to Al Quds (temporary) Hospital in Gaza City were evaluated. patients were inhabitants of Gaza City. If not otherwise stated, data are presented as given as the mean value ±1 standard deviation. The time interval from the time of injury to the time of primary treatment was 29 ±11 minutes (maximum 60 minutes). All patients included in the study had a normal systolic blood pressure and a normal level of mental response. The anatomic distribution of the missile injuries is listed in Table 1 . For 112 patients (98%), the inlet-opening was 1.0 cm (total range: 0.4-1.6 cm). In one patient, the diameter of the inlet opening was not registered, and in another patient, the skin edges were so lacerated that it was not possible to make an exact estimation of the diameter of the inlet-opening. Neither of these patients were considered to have a wound cavity (i.e., inlet opening >2.5 cm). Fifty-three patients (46%) had an outlet opening of 1.4 cm (total range: 0.6-2.5 cm). In one patient, it was not registered whether or not an outlet opening was present. In another patient, the diameter of the outlet opening was not measured due to a laceration of the edge of the skin. Fifty-nine patients (52%) did not have an outlet opening. Seven of the patients had a simple fracture. One patient had an injury to the superficial peroneal nerve. The local treatment of the wound was performed according to standardized treatment for all patients. Thirty-eight patients (33%) had missile fragments removed, and 37 patients (32%) still had fragments remaining.
A total of 106 patients (93%) received cephalexine/metronidazol intravenously for two or three days. Eight patients received other antibiotic regimes intravenously (cephalexine, metronidazole/ampicillin, metronidazole/ampicillin/cephalexine, ampicillin/cloxacillin/metronidazole, cehalexine/gentamicine, cephalexine/cloxacilin, ampicillin/cloxacillin). One hundred patients (88%) received oral antibiotic treatment with cepohalexine/metronidazole. Fourteen patients (12%) received an alternative oral antibiotic treatment (metronidazole/ampicillin, cephalexine, cloxacillin). The length of oral administered antibiotics was: (1) three days (77 patients (68%)); (2) five days (23 patients (20%)); (3) four days (eight patients (7%)); and (4) two days (six patients (5%)). The patients were discharged from the hospital after 3 ±1 days.
A total of 109 (96%) of the patients were examined during their first follow-up visit 7 ±2 days after sustaining the injury. According to the definition, 11 (10 %) of these patients had a local soft tissue infection. Two of these patients (18%) had purulent secretion, erythema, swelling, and pain; nine patients (81%) experienced pain, erythema, and/or swelling. Each of these 11 patients received the combination of cephalexine/metronidazol intravenously for two or three days, followed by oral administration for three to five days. Four of the 11 patients (36%) had a missile fragment removed, and two patients still had fragments remaining. In the patients without an infection (n = 98), 35 (36%) still had fragments remaining, and 33 (43%) had a missile fragment removed. Nine of the 11 patients (82%) were treated with antibiotics alone, and two patients were treated with secondary surgical debridement and antibiotics.
A total of 105 (92%) patients, including the 11 patients who had an infection at the first follow-up visit, were examined at a second follow-up 40 ±12 days after the injury.
All patients who were referred to Al Quds, the Palestinian Red Crescent Society Hospital in Gaza City, were evaluated for participation in the study. Patients 10-50 years of age who had sustained missile injuries to one of the extremities were included in the study. The interval from time of injury to time of treatment had to be <6 hours. Those excluded from the study included patients with: (1) inlet and/or outlet openings of >2.5 cm; (2) compound fractures; (3) injuries to major blood vessels or nerves; (4) penetrating injuries to the brain, thorax, abdomen, or pelvis; (5) using antibiotics or immune-suppressive drugs at the time of the injury; (6) systemic disease (e.g., diabetes mellitus); and/or (7) homes outside of the Gaza Strip.
One of two surgeons examined all participants in the study. Systolic blood pressure, level of consciousness, and mental responses were registered according to a standard formula. Peripheral circulation and nerve function of the injured extremity also were registered.
The standardized treatment included: (1) cleaning the wound with iodine and saline; (2) superficial, minor surgery that included revising the inlet and outlet openings; (3) removing easily accessible retained fragments; and (4) cleaning the wound daily until that wound secretion was stopped. Cephalexine, 500 mg x 4 and metronidazol, 500 mg x 3 were administered intravenously for two days. This was followed by the oral administration of cephalexine, 500 mg x 4 and metronidazol, mg 250 x 3 for three days. One-half of an adult dose was given to patients <14 years of age. All of the patients received a booster dose of tetanus toxin.
At seven days and six weeks after treatment, the patients were examined by the surgeon. At the follow-up visit, local soft tissue infection was defined as the presence of at least two local signs of infection (erythema, swelling, pain, and/or purulent secretion). According to the evaluation of the surgeon, the local signs of infection should be significant enough to warrant antibiotic treatment.
This study was approved by the Palestinian Red Crescent Society, Ramallah, West Bank, Palestinian Authority.
Results
One hundred fourteen patients (102 males and 12 females, 22 ±9 years of age) were included in the study. All of the Civilian gunshot injuries have been treated successfully with limited surgical intervention. The rate of infection has been reported to be between 2% and 4%, and the rate of infection has not been influenced by antibiotic treatment. [1] [2] [3] [4] In a report from Afghanistan, 15 causalities with Grade-1 wounds were treated conservatively by cleaning and dressing the wound. Penicillin was administered intravenously for one day and orally for four days. As a result, two patients (13%) developed a superficial abscess. Most of the causalities arrived at the hospital 24 to 48 hours after being wounded. More work must be done in order to identify war wounds that can be treated conservatively. 11 The Palestinian Red Crescent Society in the Gaza Strip developed an effective infrastructure regarding the evacuation and transportation of injured patients. Therefore, the low infection rate observed in this study may be explained partially by the short time interval from the time of injury to the time of treatment.
Limitations
This study has several limitations. Further studies should be performed where patients are randomized to different treatment modalities. However, according to the Palestinian Red Crescent Society, several thousand patients with missile injuries were recorded during the study period. Such a large number of injuries places an extremely high burden on the local healthcare system. The results of this study indicate that minimal surgical treatment of missile injuries to the extremities can be used as an alternative treatment in situations with a high number of casualties and limited resources.
Conclusions
Minimal surgical treatment of missile injuries to the extremities can be used as alternative treatment in situations with a high number of casualties and limited resources.
None of these patients had an infection, and none of them reported having had an infection in the interval between their first and second follow-ups.
Discussion
In this study, only one-third of the patients had a retained missile fragment, which often was deformed. Hence, an exact identification of the weapon responsible for the injury was not possible. According to the Red Cross Classification, war injuries are classified according to wound characteristics, not upon weaponry. A Grade-1 wound does not have a wound cavity. A wound cavity is a cavity that at least two fingers can fit into before wound excision, and there are no comminuted fractures or injuries to vital structures, such as major blood vessels or the central nervous system (CNS). Grade-2 and Grade-3 wounds are wounds with various degrees of wound cavities, comminuted fractures, and injuries to vital structures. 10 Patients with an inlet and/or outlet opening >2.5 cm, patients with comminuted fractures, and patients with injuries to major vessels or major nerves were excluded from the study. No patient had any clinical signs of hypovolemia. Therefore, it was concluded that all of the patients included in the study had a Grade-1 wound.
At the first follow-up examination, 10% of patients had signs of an infection, but no symptoms at the second followup visit. Due to the setting, isolation and identification of the causative organisms were not possible. In addition, the surgeon had to consider the signs of infection as clinically significant and administer antibiotics as needed. In Gaza, the indication for the use of antibiotics is rather liberal. Hence, the registered number of infected cases probably is an overestimate. None of the 11 patients with an infection upon first examination had a severe infection. Only two of these patients needed secondary debridement, and only oral antibiotics were given. This indicates that the infections were superficial.
